Major histocompatibility complex (MHC) class II tetramers allow the direct visualization of antigen specific CD4+ T cells by flow cytometry. This method relies on the highly specific interaction between peptide loaded MHC and the corresponding T-cell receptor. While the affinity of a single MHC/peptide molecule is low, cross-linking MHC/peptide complexes with streptavidin increases the avidity of the interaction, enabling their use as staining reagents. Because of the relatively low frequencies of CD4+ T cells (~1 in 300,000 for a single specificity) this assay utilizes an in vitro amplification step to increase its threshold of detection. Mononuclear cells are purified from peripheral blood by Ficoll underlay. CD4+ cells are then separated by negative selection using biotinylated antibody cocktail and anti-biotin labeled magnetic beads. Using adherent cells from the CD4-cell fraction as antigen presenting cells, CD4+ T cells are expanded in media by adding an antigenic peptide and IL-2. The expanded cells are stained with the corresponding class II tetramer by incubating at 37 C for one hour and subsequently stained using surface antibodies such as anti-CD4, anti-CD3, and anti-CD25. After labeling, the cells can be directly analyzed by flow cytometry. 
The lower left panel is gated for R2 and shows anti-CD4 versus tetramer. The lower right panel is gated for R3 and shows anti-CD25 versus tetramer. The quadrants for both tetramer plots were set to 0.5%. 
Representative Results

Discussion
Understanding the role of CD4+ T cells in immunity is fundamentally important. However, antigen specific CD4+ T cells can be difficult to detect and isolate using traditional methods. In contrast, MHC class II tetramers allow the direct visualization of CD4+ T cells with the desired antigen specificity. This video demonstrates the isolation, purification, and in vitro amplification of CD4+ T cells and their subsequent visualization using tetramers. Class II Tetramers are fluorescent protein conjugates consisting of soluble biotinylated class II α/β dimers conjugated around a fluorescent labeled streptavidin core (Figure 4) . The tetramers used in this video were produced by the Teramer Core Laboratory at the Benaroya Research Institute using insect cell cultures (1). These tetramers are prepared as a 0.5 mg/mL solution and can be stored at 4°C for 6-18 months. Tetramers should never be frozen, as freeze-thaw stresses may strip the PE label away from the steptavidin core. Class II staining reagents can be obtained from several sources (Table 1) and are designated as tetramers, "ultimers", and multimers. It should be noted that the tetramer assay procedure described here is distinct from the procedures used for class I tetramers. Class I tetramer staining is usually optimal at 4°C, while class II tetramer staining generally requires 37°C. Class I tetramers bind more tightly to T cells than Class II tetramers because of the stronger cooperative effect of CD8 as compared to CD4. The tetramer assay described here is effective in visualizing T cell specific for either foreign or self antigens, but the strength of interaction is inherently lower for self antigens. Several variations of the assay are possible. For example, CD4+ T cells can be further fractionated prior to stimulation (e.g. into memory and naïve populations), stimulated using a whole protein or peptide pools (2), or various treatments may be added to different wells to measure their influence on the antigen specific response. Since only a portion of each well is needed for tetramer analysis, the remaining cells can stained with tetramer for sorting or reserved for other purposes. The setup for each individual experiment will be dictated both by the characteristics of the sample and by the scientific question being asked. For design purposes it is critical to know the HLA type of the blood donor because this will influence the epitopes used for expansion and will dictate the corresponding tetramer that must be used. Knowledge of the disease or immunization status may also be crucial for interpreting results. It is important to carefully maintain the cells during the amplification step, since unhealthy cells can give very poor results. Also, proper machine setup, gating and negative controls are vitally important for obtaining high quality flow cytometry results.
